Summary. The cardiomyoplasty
procedure involves the use of a transformed skeletal muscle to augment cardiac pump fimction or to substitute for the heart after parietal resection. This study of the intramuscular vascularization of latissimus dorsi was carried out in order to establish the relationship between the dominant thoracodorsal blood supply and the distal supply issued from the intercostal and lumbar arteries. This data is mandatory for the safe manipulation of the muscle flap during cardiomyoplasty. Thirty human latissimus dorsi flaps were carefully studied. We confirmed anatomically as well as angiographically previous macroscopic anatomical reports, as well as the constancy of the n e u r o v a s c u l a r pedicle. Three principal branching patterns were observed for the thoOffprint requests" : MA Rade~necker racodorsal artery. The thoracodorsal artery divides into three main tributaries in 20/30 (67%), and into two tributaries in 10/30 (33%) of the flaps observed. When three tributaries were observed, one of them was a small recurrent artery for the proximal third of the latissimus dorsi (14/20, 70%). Thus the distal vascularization is actually dependant on three principals in 6/30 (20%) and two principals in 24/30 (80%). From these two or three principals emerge several subsequent longitudinal branches (5 to 9) that have a straight course until their distal anastomoses with segmental arterial pedicles issued from intercostal and lumbar arteries. The latter ligation can thus occur without ischemic damage to the medial and distal aspect of the flap. This study emphasizes that, due to macroscopic anatomic features and systematic intramuscular vascular distribution, the latissimus dorsi is probably the most suitable muscle for the purpose of cardiomyoplasty.
Bases anatomiques pour l'utilisation du m. grand dorsal durant l'intervention de cardiomyoplastie
Rrsum& Le concept de cardiomyoplastie s'articule sur l'utilisation d'un muscle squetettique transformr, pour augmenter la fonction de pompe drvolue au myocarde, ou pour se substituer ~ celui-ci apr~s une rrsection pari&ale. La prrsente 6tude anatomique, &udiant la distribution vasculaire intramusculaire du m. grand dorsal, a 6t6 rralisre pour apprrcier la distribution intramusculaire fine, ainsi que les relations existant entre l'apport thoraco-dorsal proximal prr [1, 3] . Following progressive chronic stimulation, fatigable striated muscle can be turned into a fatigue-resistant one, capable of sustaining chronic work [9, 12] . Such muscles have been used to increase cardiac performance, to replace resected myocardial wall, and/or to power cardiac assist device [4, 5] . Although several muscles have been tried (sternohyoid, diaphragm, rectus abdominis, pectoralis major), the latissimus dorsi because of its evident anatomical features (localization, neurovascular pedicle, surface area) has been favoured by most investigators, following the pioneering work of Carpentier and Chachqu~s [3, 4, 5] .
Most anatomical studies have emphasized the gross anatomy of the flap, the constancy of the neurovascular pedicle, and the rough distribution of the intramuscular vascularization [2, 6, 11, 13] . Since the cardiomyoplasty procedure involves more than a mere transposing of a muscle for closing defects or for anatomical reconstruction, an accurate description of intramuscular distributions was needed. An efficient cardiomyoplasty procedure requires that the most distal part of the muscle be well perfused, implying some anastomoses between the thoracodorsal blood supply and the peripheral intercostal and lumbar vessels. Furthermore, very sharp knowledge of the intramuscular distribution at the hilum is necessary to permit safe implantation of the electrostimulating device.
The present anatomical and angiographic study was conducted to answer both of these questions.
Material and methods
Thirty dissections were carried out on fresh human cadavers (14M, 16W), with an equal proportion of fight and left latissimus dorsi flaps. Cadavers were positioned with the ipsilateral arm abducted to 90 ° at the shoulder, and the elbow to 90 ° of flexion. An incision was made in the axilla, following the lateral edge of latissimus dorsi. Our study included the examination of the subscapular artery and vein, circumflex vessels, and the thoracodorsal pedicle including collaterals to the serratus anterior. We also focused on the latissimus dorsi nerve relations with the pedicle and the segmental peripheral supply. En-bloc dissection of the whole muscle mass was accomplished. Sharp dissection of the thoracodorsal vessel at the latissimus dorsi hilum level was performed. Lead oxide solution [10] was perfused under constant pressure (130 mm Hg) to highlight the fine intramusclular vascular distribution. Angiographic films were reviewed by surgeons and radiological experts, The emphasis was placed on the branching of the thoracodorsal artery and the muscle vascular supply distribution. Attention was paid to anastomoses between the proximal supply and the distal and medial segmental supply from intercostal and lumbar arteries (Fig. 1) .
Results
The subscapular artery was found to arise 3 to 4 cm distal to the acromiothoracic artery on the axillary artery. It divides early (2-6 cm) into two main branches : the circumflex scapular artery that goes backward into the medial axillary space, and the thoracodorsal artery. We once noted two circumflex scapular arteries arising from the subscapular artery. The thoracodorsal artery, accompanied by one (29/30) or two veins (1/30), quickly reaches the latissimus dorsi nerve that comes from the inner aspect. The thoracodorsal 'artery follows the lateral edge of the latissimus dorsi (1-2 cm medially) and spreads on its thoracic surface (at the hilum). The artery gives one to three branches to the serratus anterior and then, divides to feed the muscle itself.
The branching of the thoraco- Fig. 2 and 3) . In 14 cases out of these 20 (60%), one of the three b r a n c h e s was a rather small recurrent artery that obviously went upward to provide the vascularization of the muscles' proximal part (Fig. 3) . When this artery did not exist, this vascularization was achieved through small recurrent branches issued from the main division trunk of the thoracod o r s a l i s artery. If one e x c l u d e s these recurrent arteries, vascularization of the m u s c l e s ' distal part was achieved in 80% of the cases b y two m a i n d i v i s i o n b r a n c h e s ( Fig. 3 and 4) , and in 20% (6/30) by three m a i n d i v i s i o n b r a n c h e s (Fig. 2) . T h e m o s t l a t e r a l a r t e r y was always the most important in size.
In 4 cases, evidence existed of a collateral for the serratus anterior d e r i v e d from this branch. T h e s e two or three major branches then d i v i d e d into several l o n g i t u d i n a l arteries that went straight to and progressively deeper into the distal part of the muscle where they anastomosed with perforating arteries derived from the terminal intercostal (9th, 10th, l l t h ) and first lumbal (lst, 2nd, 3rd) arteries (Table  1 ). The angiographic data showed important distal contrast p o o l i n g Major branch divisions of the thoracodorsal artery were accompanied by at least one branch division of the latissimus dorsi nerve and v e i n s . T h e s e n e u r o v a s c u l a r s t r u c t u r e s w e r e s i t u a t e d in the fatty cellular space between musculo-fibrous bundles. Their pathway was easily visualized by gentle t r a c t i o n on the p e d i c l e or by careful dissection. As these structures progress distally, they ramify and plunge deeper into the muscle.
C o m m e n t s
The latissimus dorsi muscle is a huge triangular flap endowed with two vascular blood supplies, one from the thoracodorsal artery, and the other from the intercostal and lumbar arteries. We confirmed the constancy of the macroscopic neurovascular pedicle thus permitting (due to its length : m e a n 12 cm) easy transposition and mobilization. Our data is in agreement with Bartlett et al [2] , Tobbin et al [13] , Salmon et al [11] , and E1-Maassarany et al [6] previou.sly p u b l i s h e d results, as far as gross anatomy is concerned. However our angiological study showed that previously reported data concerning intravascular muscular distribution was not accurate enough. We have shown that intramuscular vascularization is achieved by 5 to 9 longitudinal arteries that arise from 2 or 3 m a i n branch divisions of the thoracodorsal artery. This b r a n c h i n g occurs within the muscle itself at level of the hilum or as far as 4 cm before it. Division into three main branches occurred in 67% of our samples. In 70% of these cases, the third branch was a recurrent artery that vascular i z e d the p r o x i m a l p a r t o f the muscle. D i s t a l r e v a s c u l a r i z a t i o n thus arose from two main branches in 80%, and three main branches in 20% of the muscles studied. In each case, the l a t e r a l b r a n c h was the most important. Such branching has n e v e r b e e n p r e v i o u s l y r e p o r t e d . D i v i s i o n i n t o t h r e e b r a n c h e s without particular specification of its topography is reported to occur in 2% [12] , 6% [8] , and 0% [7] of the most significant available series. Currently, three main hilum branching patterns can be emphasized : firstly classically described division into two m a i n b r a n c h e s ( 3 3 % ) , secondly division into three vessels, one being a recurrent artery (47%), and t h i r d l y b r a n c h i n g into three main branches (20%). We focused p a r t i c u l a r i l y on the t o p o g r a p h i c a n a t o m y o f the l a t i s s i m u s d o r s i hilum, because several steps in the c a r d i o m y o p l a s t y p r o c e d u r e (like implantation of stimulating electrodes sewed in the muscle thickness, following the technique described by Grandjean and Chachqu~s [7] ) can injure proximal vascularization. Providing that the different d i v i s i o n p a t t e r n s are t a k e n into account, we have experienced that surgical implantation of the electrode can be a safe procedure. F o l l o w i n g b r a n c h i n g at the hilum, the two or three main branch divisions of the thoracodorsal artery give several longitudinal tributaries that have a straight course up to the distal part of the muscle. They run c l o s e to e a c h o t h e r w i t h i n the muscle and p r o g r e s s i v e l y plunge deeper into the muscle thickness. Our a n g i o l o g i c a l data e m p h a s i z e the d i s t a l a n a s t o m o s i s b e t w e e n these branches and the peripheral blood supply issued from the intercostal and lumbar arteries. W e illustrated an important distal perfusion through a single thoracodorsal artery injection. These anastomoses are of major importance since good distal perfusion of the muscle flap is p r e r e q u i s i t e for f u r t h e r g o o d contractile activity.
C o n c l u s i o n
Because of its shape, surface and location, the latissimus dorsi fulfills all the necessary requirements needed for being the muscle of first choice for the cardiomyoplasty procedure. It provides surgeons with a muscle of large surface area allowing good wrapping of the heart, and has a constant pedicle of good quality allowing easy transposition in the thorax. The branching of the thoracodorsat artery follows three main patterns and the rich intramuscular vascular network exhibits anastomoses between its proximal and distal supply allowing the suppres-sion of the former without major ischemia. Adequate knowledge of intramuscular vascular distribution preserves the muscle flap from neurovascular damage during the surgical procedure.
